Numerous ratio-type estimators of the population variance are proposed in the existing literature based on different characteristics of the study as well as the auxiliary variable. However, mostly the existing estimators are based on the conventional measures of the population characteristics and their efficiency is dubious in the presence of outliers in the data. This study presents improved families of variance estimators under simple random sampling without replacement assuming that the information on some robust nonconventional location parameters of the auxiliary variable is known besides the usual conventional parameters. The bias and mean square error of the proposed families of estimators are obtained and the efficiency conditions are derived mathematically. The theoretical results are supplemented with the numerical illustrations by using real datasets which indicates the supremacy of the suggested families of estimators.
Introduction
The Estimation of population variance along with the estimation of population mean is of interest in many practical situations such as business, manufacturing industry, Services industry, the pharmaceutical industry, medical sciences, biological sciences and agriculture (cf. Solanki et al., [1] ). Therefore, the development of efficient estimators of population variance constantly attracts the researchers. Commonly in survey sampling, the information on an auxiliary variable which is closely related to the study variable is utilized to enhance the efficiency of the estimators of population characteristic under investigation. When auxiliary information is available and the study variable is positively correlated with the auxiliary variable, the ratio estimation method is frequently used to improve the efficiency of the estimators of population characteristics [2] . The ratio-type estimators are now being frequently used in different fields such as process monitoring, designing of acceptance sampling plan for lot sentencing, environmental studies, and forestry are few to mention [3] [4] [5] [6] [7] [8] . Generally, the information of conventional auxiliary parameters such as the coefficient of kurtosis, the coefficient of skewness, the coefficient of variation, and the coefficient of correlation is used in a linear combination with the sample information of the study and the auxiliary variable to design the estimators of population variance. For instance, see Isaki [9] ; Upadhyaya and Singh [10] ; Kadilar and Cingi [11] ; Subramani and Kumarapandiyan [12] [13] [14] ; Khan and Shabbir [15] ; Solanki et al., [1] ; Yaqub and Shabbir [16] ; Maqbool and Javaid [17] ; Adichwal, Sharma and Singh [18] ; Maji, Singh and Bandyopadhyay [19] ; Abid et al., [20] ; Singh, Pal and Yadav [21] ; Muneer et al., [22] and the references cited therein. The development of ratio-type estimator that deals with the presence of outliers in the data is a neglected area in survey sampling. Since the presence of outliers in the data can negatively affect the efficiency of the ratio-type estimators. Therefore, there is a need for ratio-type estimators that can accommodate the outliers without loss of efficiency.
The present study incorporates the information on robust non-conventional location parameters of the auxiliary variables coupled with the conventional parameters under the ratio-type structure of estimation to propose new ratio-type estimators of population variance. The non-conventional measures used in this study are tri-mean (TM), mid-range (MR), Hodges-Lehmann estimator of the mean (HL) and deciles mean (DM). Although MR is not a robust measure against outliers, however, it is an effective estimator of the mean when the underlying distribution has excess kurtosis and the sample size   n is small i.e. 4 20 n  (cf. [23] [24] [25] ). Since the objective of the current study is to use non-conventional and robust measures of location for variance estimation, therefore MR is included in this study as a non-conventional measure of the location. The advantage of using TM, HL and DM lies in their ability to be stable in the presence of outliers. These measures are used in a linear combination with the other conventional measures to improve the efficiency of the variance estimator in simple random sampling without replacement (SRSWOR) scheme. The rest of the manuscript is structured as follows. The existing estimators of population variance that utilizes the known information on conventional parameters of the auxiliary 3 variable are described in Section 2. The proposed improved families of estimators of population variance which combines the information on known conventional and nonconventional parameters of the auxiliary variable are described in Section 3. In Section 4, the performance comparison of the proposed estimators is given with some of the existing estimators of population variance. Finally, the conclusion and some recommendations are presented in Section 5.
Existing Estimators of Variance
This section reviews some of the existing estimators of population variance under SRS which are based on known auxiliary information of conventional parameters. by drawing a random sample from the population.
Assume that the information on auxiliary variable parameters (both the conventional and non-conventional) is readily available or can be easily obtained without involving much time and cost. The additional information can be advantageously used in the ratio, the regression, the product, and the ratio-cum regression methods of estimation to define the estimators of population variance or other population characteristics such as mean. One such estimator is defined by Isaki [9] that utilizes the information on the known variance of the auxiliary variable   2 X S to estimate the population variance   2 Y S . It is also known as the traditional ratio-type estimator. The estimator along with its approximate bias and MSE is given as:
Upadhyaya and Singh [10] proposed a modified ratio-type estimator of population variance by incorporating information on the coefficient of kurtosis of the auxiliary variable and is given as: 
Subramani and Kumarapandiyan [13] established that these estimators outperforms some of the existing ratio-type estimators of population variance in terms of smaller MSEs.
Subramani and Kumarapandiyan [12] used deciles of the auxiliary variable to suggest new ratio-type estimators of the population variance. The deciles based estimators showed superior efficiency as compared to the existing estimators. These estimators are defined as: 
, respectively. Kadilar and Cingi [11] suggested some modified ratio-type estimators of population variance by integrating information on the population coefficient of variation and the population coefficient of kurtosis of the auxiliary variable together with the variance of the auxiliary variable as: Taking motivation from Kadilar and Cingi [11] , and Subramani and Kumarapandiyan [14] a new ratio-type estimator of the population variance was introduced by Subramani and Kumarapandiyan [29] that utilizes the population information on the coefficient of variation and the median of the auxiliary variable and is given as:
Khan and Shabbir [15] have suggested a similar estimator of population variance, which utilizes the information on the coefficient of correlation between the study and auxiliary variable in addition to the information on upper quartile of the auxiliary variable as: All these non-conventional or robust measures are integrated with other conventional measures such as the coefficient of skewness, the coefficient of variation, the coefficient of correlation between the study and the auxiliary variable and the coefficient of kurtosis in the context of ratio method of estimation under SRS to estimate the population variance. Since, the non-conventional and robust measures are being incorporated it is, therefore, expected that the use of these measures will result in enhancing the efficiency of the ratiotype estimators of population variance.
The suggested estimators of class-I
Taking motivation from the Searls estimator [33], the proposed class of estimators for population variance is defined as:
where K is the Searls [33] constant and its value will be determined at a later stage, 2 y s is the sample mean of the study variable, X and x are the population and sample means of the auxiliary variable respectively. It is worth mentioning that
Φ can either be a known real number or known conventional parameter of the auxiliary variable X , whereas  is considered as the known non-conventional parameter of the auxiliary variable X .
To obtain the bias and MSE of Expressing,
where
is expandable, expanding the right hand side of Equation (6) 
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The bias of 2 1 pj S  up to the first degree of approximation is obtained by applying expectation on both sides of Equation (7) as:
Squaring both sides of Equation (7), keeping terms of 's only up to 2 nd order and applying expectation we get the MSE of 
Differentiating Equation (9) with respect to K , equating it to zero and after simplification, we get the optimum value of K as:
Substituting the above result in Equation (9) and simplifying, the minimum MSE of
Similarly, substituting the optimal value of K i.e.
  opt K in Equation (8) we have the minimum bias of
Many different kinds of estimators can be generated from The proposed estimators of class-I perform better than the Isaki's [9] traditional estimator of population variance if
Similarly, the estimators contained in 
The suggested class-I estimators will be more efficient as compared to the Upadhyaya and Singh [30] if:
The estimators envisaged in the proposed class 
The suggested estimators of class-II
This section deals with another proposed class of estimators of population variance under SRS which is based on power transformation. The general structure of the estimators of class-II is defined as
where L is the Searls [33] constants and its value will be determined later, φ and  can be real numbers or functions of a known conventional parameter of the auxiliary variable X , whereas  and  are the known functions of the non-conventional parameters of the auxiliary variable X . Following the procedure described in section 3.1, the minimum bias and minimum MSE of the proposed class-II estimators are given as
where,
Various ratio-type estimators can be obtained by assuming different values of ,φ, , , L  and  in the proposed class 
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Some new members of the proposed class-II are defined in Table 2 , which are based on a mixture of conventional and non-conventional parameters of the auxiliary variable.
Efficiency conditions for class-II estimators
The estimators 2 2 pl S  perform better than the Isaki [9] traditional estimator of population
The estimators defined in class-II will achieve greater efficiency as compared to the existing estimators   
The suggested class-II estimators will outperform Upadhyaya and Singh [30] modified ratio-type estimator of population variance in terms of efficiency if
where, 
Numerous ratio and regression type estimators Table 3 contains some new members of the proposed class-III to estimate the population variance based on the auxiliary information.
Efficiency conditions for class-III estimators
The estimators in class-III 
The estimators envisaged in the proposed class-III 
From the theoretical results, it is established that the proposed families of the estimators have superior efficiency under certain conditions. To further support these theoretical findings an empirical study is conducted in the following Section.
Empirical Study
To gauge the performance of the proposed classes of estimators against their competing estimators of variance, two real datasets (population-I and population-II) are taken from the Singh and Chaudhary [34] page 177. These datasets are also considered in Subramani and Kumarapandiyan [31] and some other studies [35] [36] [37] [38] . In population-I, Y denotes the area under wheat in 1974 and X denotes the area under wheat in 1971; whereas, in population-II, Y represents the area under wheat in 1974 and X is the area under wheat in 1973. The original populations do not contain many outlier observations. To compare the performance of the proposed and existing estimators using a population crippled with outlier observations, some outliers are introduced in population-I and it is named as population-III. It is expected that the performance of the proposed classes of estimators remains relatively stable in the presence of outliers in the data. Figures 1-3 depicts the nature of populations data considered in this study.
To compare the performance of the proposed and the existing estimators the percentage relative efficiencies (PREs) of the proposed classes of estimators with respect to the traditional ratio estimator suggested by Isaki [9] are obtained as: It is worth mentioning that due to lack of space, we have taken only the most efficient estimator from the class of estimators proposed by Subramani and Kumarapandiyan [31] which is based on the Table 4 .
The computed PREs of the existing estimators are compared with the traditional ratio estimator of Isaki [9] as shown in Tables 5-7 , while the PREs of the proposed estimators as compared to the traditional ratio estimator are given in Table 8 -10 respectively.
From the results reported in Tables 5-10 the main findings are summarized as:
1. It is observed that, in general, the estimators proposed in this study have greater PREs as compared to the existing estimators of Isaki [9] , Upadhyaya and Singh [10, 30] , Kadilar and Cingi [11] , Khan and Shabbir [15] , and Subramani and Kumarapandiyan [12] [13] [14] 29 ,31] for all the populations considered in this study(cf. Tables 5-6 and Tables 9-10 ). For instance; the PRE of Subramani and Kumarapandiyan [31] (best among the existing estimators considered in this study) has increased from 111.56 to 178.49, whereas, the maximum increase in PRE of the proposed estimators is observed to be 148.42 to 202.40. 3. The results indicates that when the number of outlier in the data are increased, the majority of the proposed estimators still remain more efficient as compared to all the existing estimators considered in this study (cf. Tables 9-10 ). However, some of the proposed estimators have lesser PREs as compared to the Subramani and Kumarapandiyan [31] estimator. These estimators still remained more efficient as compared to the rest of the existing estimators. 4. Among the proposed classes of estimators in this study, the estimators proposed in class-II exhibits the best performance in terms of PREs (cf. Tables 6, 8 and10). 5. In each of the proposed classes of estimators, the estimators which integrate the information of the correlation coefficient between the study and the auxiliary and the non-conventional parameter of an auxiliary variable are superior in terms of PREs as compared to other proposed estimators (cf. Tables 6, 8 and 10). 6. The proposed estimator of population variance that combines the mid-range ( ) and the correlation coefficient between the study and the auxiliary variable turns out to be the most efficient estimator in all the proposed classes (cf. Tables 6, 8 and  10 ). 7. It is also observed that in presence of outliers the performance of the majority of the existing estimators is almost alike as of the traditional ratio estimator (cf. Tables 5, 7 and 9), whereas, the suggested estimators perform quite well as compared to the existing and the traditional ratio-type estimators (cf. Tables 6, 8 and 10 ).
These findings highlight the significance of the incorporation of the non-conventional and robust measures of the auxiliary variable in the ratio method of estimation for estimating the population variance in the presence of outliers. The inclusion of these measures resulted in higher PREs of the proposed estimators as compared to the existing estimators which are only based on conventional measures.
Conclusion and recommendations
The present study introduces three new classes of ratio-type estimators of population variance under the SRS by integrating the information of non-conventional measures of an auxiliary variable with the conventional measures. The algebraic expressions for the bias and MSEs are obtained theoretically; moreover, the efficiency conditions under which the proposed estimators perform better than the existing estimators are also derived. An empirical study is conducted to supplement the theoretical results. The empirical results reveals that the proposed estimators outperform the existing estimators of Isaki [9] , Upadhyaya and Singh [10, 30] , Kadilar and Cingi [11] , Khan and Shabbir [15] and Subramani and Kumarapandiyan [12] [13] [14] 29 ,31] in terms of MSEs and PREs when outliers are present in the data. Based on the findings of the present study, it is strongly recommended that if the information on robust non-conventional measures of the auxiliary variable is available together with the information on conventional measures of the auxiliary variable, the proposed estimators should be used to efficiently estimate the population variance under SRS after making necessary adjustment for bias. This study is limited to the use of nonconventional location or robust measures of location and the proposed estimators are based on only a single auxiliary variable in the context of ratio method of estimation. The scope of the present study can be further extended by using non-conventional dispersion measures and inclusion of additional auxiliary variables. Moreover, the robust measures can be employed to enhance the efficiency of the variance estimators under different sampling schemes such stratified random sampling, two phase sampling and ranked set sampling.
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